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SUMMARY. Cytoplasmic and nuclear RNA were isolated from porcine thyroid cells
cultured with or without thyrotropin., After denaturation by glyoxal-DMSO treat-
ment, the RNAs were analyzed on agarose gels, transferred onto nitrocellulose
filters and hybridized with al[32pP]-1abelled thyroglobulin cDNA clone. In the
cytoplasmic RNA a single mature thyroglobulin mRNA molecule (9 Kb) was present
whereas in the nuclear RNA several molecular species (24 to 3.3 Kb) were iden-
tified. In the nucleus only the 9 Kb mRNA was polyadenylated. In cytoplasmic
preparations the level of mature thyroglobulin mRNA was two-fold higher when
cells were cultured with thyrotropin. In nuclear preparations only the level
of the mature transcript was affected by the presence of thyrotropin, increa-
sing relative to the concentration of the higher molecular weight species.
These results suggest a hormonal effect at the post—transcriptional level

that may serve to stabilize the mature mRNA molecule,

Thyrotropin (TSH) has been shown to modulate thyroglobulin (Tgb) synthe-
sis in cultured porcine thyroid cells (1) by regulating the Tgb mRNA level in
the cytoplasm (2) and in the nucleus (3). In the cytoplasm, the relative Tgb
mRNA content was kept steady by the presence of the hormone in the culture me-
dium, as determined by Rot analysis using a single stranded - ¢DNA probe obtai-
ned from purified Tgb mRNA (4). Absence of TSH during 4 days of culture caused
a three fold decrease in the level of Tgb mRNA in the cytoplasm and a two-fold
decrease in the nucleus (2,3). Subsequent addition of TSH resulted in an in-
crease in the Tgb mRNA content suggesting hormonal action at the transcriptio-
nal or post-transcriptional levels (2). It is not known whether the hormone
regulates Tgb mRNA transcription. However as recent studies have shown that
the Tgb gene contains several introns (5,6), hormonal control may operate du-

ring the processing of its nuclear precursor transcripts. It has been propo-~
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sed that hormonal regulation of specific genes may consist of a number of
coordinated effects occuring at different steps of the expression of each ge-—
ne (7). Other polypeptide hormones regulate gene expression by acting at trans-
criptional and post-transcriptional levels as was shown in the case of prolac-
tin (8-11) which increased casein mRNA synthesis and stability. Thyrotropin
releasing hormone (TRH) also induced the accumulation of prolactin mRNA in G&%
cells (12) and promoted a rapid increase of the level of nuclear precursors

of prolactin mRNA (13).

In the present study, a Tgb ©¢DNA clone (14) was used to characterize
Tgb sequences in preparations of RNA from nuclear and cytoplasmic fractions
of TSH-treated or mon-treated porcine thyroid cells in culture. In cytoplasmic
RNA there is only one major detectable Tgb mRNA of 9 Kb. In nuclear RNA, larger
Tgb transcripts are also present, but only the mature 9 Kb molecule is poly-
adenylated. In cells cultured in the absence of TSH, the quantity of mature
Tgb transcript was lowered relative to the higher molecular weight species.
If these larger transcripts are true precursors, these results suggest that
TSH exerts a post-transcriptional control on Tgh gene expression possibly by

allowing more efficient polyadenylation of the transcripts.

MATERIAL AND METHODS

Cell culture. Porcine thyroid cells were isolated by a discontinuous trypsin-
EGTA treatment (15) and cultured as previously described for 4 days as unstir-
red suspensions in the absence (control cells) or in presence of 1 mU/ml TSH (2).
Nuclei purification. Cells were centrifuged, washed first with a spinner salt
solution and then with phosphate buffer salt solution. Cells were disrupted in
5% citric acid in a Dounce homogenizer with a tight-fitting pestle and nuclei
were isolated according to Tsai et al (16),

Cytoplasmic and nuclear RNA extraction., Cytoplasmic RNA was purified from
27000 xg supernatant fractions by guanidinium chloride extraction (2). Nuclear
RNA was obtained from purified nuclei homogenized in SDS-urea medium and ex-
tracted by phenol-chloroform-isoamylalcohol (16,17). Contaminant DNA was di-
gested (16) by deoxyribonuclease I (Worthington) made ribonuclease-free by
UMP-agarose and bentonite treatments (18). Residual proteins were eliminated
by proteinase K digestion (16). Nuclear RNA containing polyadenylated sequences
was isolated by oligo(dT) cellulose chromatography (19) with elution at room
temperature, then at 60°C. 39

Preparation of cloned thyroglobulin [°“P)- cDNA probe. Ovine Tgb CcDNA was
cloned in PstI site of pBR 322 (14). Inserts from psTg 21A (1670 bp and con-
taining one PstI site) and from psT® 11 (330 bp and containing poly (dA) tail)
were obtained by digestion with PstI, separated by 4% polyacrylamide gel elec-
trophoresis and eluted from the gel (20). These probes were labelled with
[32P)-dCTP (Amersham 400 or 800 Ci/mmole) by nick-translation and used for hy-
bridization assays.

RNA agarose gel electrophoresis blotting and hybridization. Cytoplasmic and
nuclear RNA were glyoxalated (deionized glyoxal, BDH) in a medium containing
50%Z DMSO (Sigma) according to Carmichael and Mc Master (21) then electropho-
resed through agarose slab gels in a low ionic strength buffer (21). The si-
ze of nuclear Tgb mRNA species was evaluated in 0.5 % agarose gel. In 0.8%
agarose the migration was not linearly related to the logarithm of the mole-
cular weight in the high molecular weight regions. Ribosomal RNA from sheep
thyroid glands used as markers were detected by acridine orange staining.
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RNA were blotted onto nitrocellulose filter (Schleicher and Schiill BA 85)
overnight (22). RNA fixed to the filter were hybridized with [32P)-labelled
probe as described (22), After extensive washing, the filter was exposed to
film (Kodak X-O-mat AR5) with intensifying screen (Dupont de Nemours). Auto-
radiograms were recorded on densitometer (Gelman ACD 18).

RESULTS

Tgb mRNA sequences were identified in cytoplasmic and nuclear RNA prepa-
rations from porcine thyroid cells cultured in presence or in absence of TSH.
The RNAs were denatured by glyoxal and DMSO, analyzed by electrophoresis on
agarose gels (see Methods) and transferred to nitrocellulose filters. To de~
tect Tgb sequences, the RNA blots were hybridized with a mixture of 1.2 and
0.4 Kb Pstl fragments of an ovine Tgb cDNA clone radiolabelled by nick-trans-
lation. This cloned .cDNA represents the 3'end of Tgb mRNA (14). The cross—
hybridization of ovine Tgb -eDNA with porcine Tgb mRNA was previously demons-—
trated (2),
Identification of Tgb mRNA sequences in the cytoplasmic fraction.

In both culture conditions, the probe gave a strong signal with an RNA
species migrating at the position of polysomal Tgb 33 S mRNA obtained from
sheep thyroid (Fig. 1A). Its size was evaluated as 9 Kb from a comparison of
its electrophoretic migration with that of Hind ITI-cut A phage DNA size mar-
kers (not shown). This size estimation is in good agreement with one made pre-
viously by analysis of purified Tgb mRNA on 997 formamide-acrylamide gels (19).
Other Tgb mRNA sequences heterogeneous in size, gave a faint signal in the
area of smaller molecular weight species likely corresponding to degradation
products of 33 S mRNA. Densitometric analysis of autoradiograms (Fig. 1B) sho-
wed the concentration of Tgb mRNA in cytoplasmic RNA preparations to be at
least two-fold higher in the cells treated with the hormone as compared to the
cells cultured without it. The TSH/T ratio did not change with increasing RNA
quantities. Cytoplasmic RNA from treated and untreated cell cultures did not
contain Tgb sequences in molecules larger than the 9 Kb mature RNA,

Identification of Tgb mRNA sequences in the nuclear fraction.

Nuclear RNA exhibited a minimum of 9 RNA species hybridizing to the Tgb
cDNA probe. The size of each species reported in Table I is the average re-
sult of five different analyses on several nuclear RNA extracts. A 9 Kb trans-—
cript (Band E, Fig. 2A) migrated at the position of the mature cytoplasmic Tgb
mRNA. Band A detectable in some experiments was not a well-defined band but a
diffuse signal in the 24 Kb molecular weight region. The most abundant of the
larger species, Band B (15 Kb), might correspond either to the accumulation
of a transcript at a certain stage of processing or to several precursors with
similar sizes. An increase in the concentration of the denaturing agent glyoxal
(Fig. 2A) did not change the pattern of 1érger species indicating that they

do not represent aggregates. Under these experimental conditions the nuclear
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Figure 1. Identification of Tgb mRNA sequences from the cytoplasm of porcine
thyroid cells.

A. Autoradiogram of cytoplasmic RNA analyzed on 1% agarose slab gel, trans-

ferred to nitrocellulose filter and hybridized with E3ZP]—dCTP—1abe11ed in-

serts from psTg 11 and psTg 21A.(~5 x 106 CPM/ug DNA). RNA from cells cul-

tured without TSH (O) or with TSH (@ . (a) 5 pg, (b) 10 pg, (c) 25 pg. Total
sheep thyroid polysomal RNA containing 28 S and 18 S rRNA stained with acri-
dine orange and Tgb 33 S mRNA were used as markers.

B. Densitometric profile of auteradiogram shown in Fig. 1 A.

RNA fraction contained signiticant amounts of RNA molecules whose sizes are
smaller than the mature 9 Kb mRNA (G to I). These sequences could correspond
to defined cleavage products of the precursor or mature molecules, possibly
arising from defects in the splicing of certain introns or from nuclease di-
gestion of highly susceptible regions within the transcripts. Band E, corres-

ponding to the mature transcript, was more intense in the nuclear RNA from

Table I. Size evaluation of Tgb RNA sequences from the nuclear RNA of
porcine thyroid cells.

SIZES OF NUCLEAR THYROGLOBULIN RNA MOLECULES (Kb)

BANDS EXTREME VALUES AVERAGE VALUES
A 24.3 -~ 25.7 25.0
B 13.6 -~ 16.6 15.1
C 13.0 - 13.6 13.3
D 10.9 - 11.7 11.3
E (33 8) 9.1 - 9.7 9.4
F 8.4 - 9.0 8.7
G 6.7 - 8.3 7.3
H 5.1 - 5.7 5.4
I 3.2 - 3.4 3.3

Nuclear RNAs were analyzed in 0.57 agarose slab gel (see Methods). Bands
were identified as in Fig, 2A.
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Figure 2. Identification of Tgb mRNA sequences from the nuclei of porcine
thyroid cells.

A, Autoradiogram of nuclear RNA analyzed on 0.87 agarose slab gel, transfer-
red to nitrocellulose and hybridized with [32p]-dcTP-1abelled insert from
psTg 21A (~3 x 107 CPM/pg DNA). RNA (50 upg) from cells cultured without

TSH (O) or with TSH (@). (a) glyoxal tM; (b) glyoxal 2.4M. 28 S and 18 S
rRNA stained with acridine orange, Tgb 33 S mRNA (M), ADNA fragments diges-
ted by EcoRI or Pvul and DNA marker IV (Boehringer) hybridized with P]-dCcTP
labelled fragments obtained by Pvul treatment, were used as markers.

B. Densitometric profilesof autoradiogramsshown in Fig. 2A , I : from b (O)
ITI : from b (@).

cells cultured with TSH (Fig. 2 A and B). No significant differences appeared
for the higher molecular weight species.

Identification of polyadenylated transcripts in the nuclear RNA,

Total nuclear RNA from TSH-treated or control cells was fractionated by
affinity chromatography on oligo (dT) cellulose and the eluted and flow-through
fractions were analyzed ip the same glyoxal gels. As shown in figure 3, the
mature species E was found exclusively in the poly (") fraction. The A, B,

D, G and H species were mostly devoid of poly (A) sequences, although in some
experiments they were present in low amounts in the poly (A+) fraction sugges-—

ting that the Tgb mRNA precursors were polyadenylated at very low efficiency.

DISCUSSION

Tgb mRNA species were identified and quantitatively estimated in the cy-

toplasmic and nuclear fractions isolated from porcine thyroid cells cultured
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Figure 3. Identification of Tgb polyadenylated sequences from the nucleus
of porcine thyroid cells.

Autoradiogram of nuclear RNA analyzed on 928 % agarose slab gel, transferred
onto nitrocellulose and hybridized with [°“P}dCTP-labelled insert from psTg

21A (~6 x 10’ CPM/ug DNA). RNA from cells cultured without TSH (O) or with

TSH (@®). (a) 50 pg total RNA; (b)~50 pg Poly (A-) RNA; (c) &4 ug Poly (A%

RNA; (d) 8 ug Poly (A*) RNA.

with or without TSH. In the cytoplasm there was only one major molecular weight
species,the mature Tgb mRNA (9 Kb). Higher molecular weight species present

in the nucleus were not observed in the cytoplasm suggesting that processing
of these molecules must be completed before their transport to the cytoplasm
as it has been generally observed for mRNA precursor molecules, e.g. for oval-
bumin mRNA in the chicken oviduct (23). Among the nuclear mRNA sequences we
detected transcripts ranging from 24 to 10 Kb which may be precursors of the
mature Tgb mRNA, Recently a genomic DNA fragment coding for the 5'end of rat
Tgb mRNA has been shown to contain very large introns representing 937 of the
fragment (5). Studies of the human Tgb gene have shown that it may span more
than 100 Kb (6). We have not observed such high molecular weight transcripts.
They may be present but in undetectable amounts as described for the globin
precursors (24) or the exon sequences may be so short as to be insufficient
for stable hybridization with the probe. As a matter of fact, it has been
observed that the 3'end of human Tgb gene (6) contains short exons (130-

200 bp) embedded in very large introns (15000 bp and more).
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In the cytoplasm, the relative content of the mature Tgb mRNA (9 Kb) was
at least two-fold higher in TSH-treated cells. This result is in good agree-
ment with previous data (2). In the nucleus TSH does not influence the con-
tent of putative Tgb mRNA precursors or degradation products but clearly pro-
motes accumulation of the mature 9 Kb mRNA. This result suggests that the hor-
mone regulates the last steps of the processing, probably by stabilization
of the mature mRNA, It has been shown by similar methods that the induction
of prolactin mRNA in GH3 cells treated with TRH is accompanied by accumula-
tion of prolactin mRNA precursors (13), In this case, the hormone may act
by stimulating transcription of the gene and/or stabilizing the precur-

sor molecules.

In nuclear RNA from both treated and untreated cells, it is mainly
the mature Tgb mRNA that is polyadenylated, with the putative precursors
contributing only a small percentage to the poly (A+) fraction, Similar
behaviour was observed for vitellogenin mRNA precursors which are also
transcribed from a large gene (25) and for.the largest globin mRNA precur-
sor (26). However results obtained for Adenovirus RNA processing show that
polyadenylation, while not necessary for splicing (27), usually precedes
the removal of the last introns (28). However, it was observed that all the
precursors of ovalbumin mRNA, ovomucoid mRNA (29 and prolactin mRNA (13)
are polyadenylated.

The Tgb gene is known to be very large (6) and we observed the absence
of high molecular weight precursors and the accumulation of non polyadenyla-
ted incompletely processed molecules. So we can hypothesize that the primary
transcripts of the Tgb gene are probably processed while their transcription
is still proceeding. Such a mechanism has been observed for Adenovirus late
transcripts (30). Bands A, C, D and mainly B could be accumulated molecules
after termination of transcription when processing was not complete. Poly-
adenylation occuring at a low percentage for these molecules could be the
signal of their final splicing resulting in the species E and stabilizing
this mature mRNA (see 31). One step of TSH action might be the stimulation
of polyadenylation of precursors thereby activating the last steps of the

messenger molecule maturation.

In conclusion, we have shown that in cultured thyroid cells, TSH does
not alter the molecular weight pattern or composition of nuclear Tgb trans-
cripts but promotes preferential accumulation of the mature polyadenylated

molecules. TSH seems to act mainly at the post-transcriptional level, likely
by stabilizing the mature mRNA in the nucleus and the cytoplasm.
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